This research were aimed at determining water and sediment quality and screening for high Cd tolerance fungi from the Mae Tao creek in Mae Sot District, Tak Province, Thailand. The study results revealed that mostly the surface water quality of the Mae Tao creek was suitable for people to consume and industrial purposes under sanitary controlled process and agriculture. The concentrations of Cd in water were low compared to the surface water quality standards of Thailand, but Cd levels in the sediment were found to exceed the UK Health Protection Agency standard of soil and sediment. Totally five isolates (Humicola sp., Penicillium sp., Aspergillus sp. 1, Aspergillus sp. 2 and Alternaria sp.) could grow on potato dextrose agar containing 1 mg l -1 Cd. Altogether, Humicola sp. could grow in the presence of high concentration Cd 2+ and was considered as high Cd resistance fungi, which makes it an attractive potential candidate for further investigation regarding its ability to remove Cd from polluted water.
Introduction
Toxic heavy metals are widely used in agriculture and industry purpose. Heavy metal contaminated in natural is a common problem encountered at many hazardous waste sites. Cadmium (Cd), zinc (Zn), iron (Fe), manganese (Mn), chromium (Cr), Lead (Pb), and copper (Cu) are among the most frequently observed metal contaminants [1] . Cd contaminant in water and sediment are the biggest problem for the environment, i.e. from many industries or mining sites throughout the world. When the consumption of Cd is rising, the concentration of Cd in the environment is also increasing. Cd can be accumulated and transferred into the sequence of food chains, thus it may cause the Itai-Itai disease in the human being. The Mae Tao creek is known as the most worrisome site of Cd contamination in Thailand. Cd has contaminated the area because it is extracted during the production of zinc. There are many mining activities that may influence the Cd contamination throughout the environment, for instance, drilling, material transfer, and removal of mine tailings and drainage as reported in the research of Krissanakriangkrai et al. [2] which found that the high levels of Cd in the water and sediment from the Mae Tao creek were 5.00±0.20 mg l -1 and 31.67±0.61 mg kg -1 soil, respectively. The effects of Cd contamination in aquatic systems are of particular concern due to their persistence and toxicity [3] . In naturally polluted environments, the microbe's response to Cd toxicity depends on Cd concentration, the nature of the medium, and microbial species [4] . Fungi biomasses are versatile group, as they can adapt and grow under various extreme conditions of pH, temperature and nutrient availability, as well as high Cd concentrations [5] .
In this study, investigation was carried out to screen for high Cd tolerance fungi from the Mae Tao creek and furthermore was also observed water and sediment quality of the Mae Tao creek in Mae Sot District, Tak Province, Thailand.
Materials and Methods

Study area
The Mae Tao creek, which belongs to the Salween River basin's upper Mae Moei catchment, is located in Mae Sot district, Tak province in the northern part of Thailand. The five stations along Mae Tao creek placed at upstream locations, junctions, and the outlet of the subcatchment were selected as presented in Fig 1. Determination of water and sediment quality in the Mae Tao creek Water and sediment were sampled in January (dry season) and June (wet season) from the year 2014. Water and sediment samples were collected in sterilized polyethylene bottles. All bottles were cleaned with 10% HNO3 then rinsed with distilled water prior to use. The samples collected from each site consisted of 3 composite samples. The water physicochemical parameters including temperature, pH, ammonia nitrogen (NH3-N), nitrate nitrogen (NO3-N), orthophosphates (PO3 -4 ), biochemical oxygen demand (BOD), dissolved oxygen (DO), cadmium (Cd), zinc (Zn) and iron (Fe) were investigated according to the procedures by Clesceri et al. [6] . Total organic matter, pH and heavy metal (Cd, Zn and Fe) in sediment were analyzed according to the methods described by Jackson [7] and Page et al. [8] .
Isolation of fungi from polluted sites
The sediment sample with high contamination was enumerated for fungi employing a serial dilution technique using potato dextrose agar (PDA) mixed with 1 mg l -1 Cd. Count of colonies (CFU ml -1 ) were read after 24 hours incubation at 30 o C. Colonies were purified by streak again on the same medium until single colony. Fungal spores were obtained from a 5 days old culture grown on PDA at 30±1 o C. The strains were identified after growth on PDA by observing its macroscopic characteristics (colour, texture appearance and diameter of the colonies) and microscopic (microstructure), according to Pitt [9] and Domsch, et al. [10] .
Screening and selection of Cd tolerance fungi
The highly Cd tolerance fungi was investigated by weighing dry biomass after 3 days incubation on a rotary shake flask at 30±1 o C and 150 rpm in the PDB broth with Cd 2+ ion concentration ranging from 0 to 100 mg l -1 , as compared to that without Cd 2+ .
Statistical analysis
Average ( X ) and standard deviations (SD) of each study site were calculated. All the experiments were triplicates. Mean values were evaluated with a one way analysis of variance (ANOVA) and Post Hoc. Duncan test (p < 0.05).
Results and Discussions
Water and sediment quality in the Mae Tao creek The physicochemical parameters of water and sediment in Mae Tao creek on January and June 2008 are presented in Table 1 and Table 2 respectively. These parameters were compared with the surface water quality standards of Thailand (Pollution Control Department, 2000). The assessment of water quality reveals that, water quality of the Mae Tao creek was medium clean. It was suitable for people to consume and industrial purposes under sanitary controlled process and agriculture.
The average of heavy metal content of any element were below the limit of standard criteria, except a few samples of high heavy metal content (Fig 2) , especially, the Cd concentration level was higher along Mae Tao creek. There was some Cd contamination upstream, represented by station 1. This signified that Cd could also exist naturally, though the concentration was very low. However, the Cd concentration was particularly much increased when passing the zinc mine, as indicated by the higher concentration at station 2 to station 5. The station 4 had the highest concentration at 26.97±0.32 mg kg -1 soil in dry season perhaps because it contained accumulated Cd as a dike for the community irrigation.
Soil texture classes in all sediment samples were sandy loam. The total organic matter value ranged from 5.31±0.03% to 7.43±0.28%. A large amount of contaminated heavy metals found in some sediment sample of polluted areas was higher than in water as reported in other studies [2] , [11] , [12] . The average Cd concentration in the sediment were found to exceed the UK Health Protection Agency standard of soil and sediment of 2 mg kg -1 , at pH 7 [13].
Isolation of fungi and tolerance
The sediment sample with high contamination was enumerated for fungi employing a serial dilution technique using potato dextrose agar (PDA) mixed with 1 mg l -1 Cd. Five stains of Cd resistant fungi isolates were Humicola sp., Penicillium sp., Aspergillus sp. 1, Aspergillus sp. 2 and Alternaria sp.. The species of the genus Aspergillus were the most dominant, while the other genera were represented by one species (Table 3) .
Minimum inhibitory concentrations
At 10 mg Cd in potato dextrose broth, 4 out of 5 species failed to grow Humicola sp. was the most resistant. It showed 72.73% growth increases, while the others showed decreases between 28.85 -86.79%. While 100 mg Cd medium, mycelial dry weight in all isolates was found to decrease. Therefore, Humicola sp. could grow in the presence of high concentration Cd 2+ and considered as high Cd resistance fungi (Table 4 and Fig 3) . This indicates that the more tolerant species have the mechanisms and physiological adaptation to resist the higher Cd concentrations and so avoid its toxic effect response to the concentrations of the Cd ions [14] , which makes it an attractive potential candidate for further investigation regarding its ability to remove Cd from contaminated water.
Conclusions
In comparison with the surface water quality standards of Thailand, water in the Mae Tao creek is medium clean. But the creek is a highly contaminated with Cd area, which was evident by measured Cd concentrations in the sediment along the creek. Concurrently, much higher cadmium levels in upstream sediment were discovered in the vicinity of the zinc mine. Cd tolerance fungi isolated from polluted sites in the Mae Tao creek showed that there were five isolates including Humicola sp., Penicillium sp., Aspergillus sp. For a given water quality, mean concentrations followed by the same letter are not significantly different (p < 0.05), significantly at a higher b>c>d>e>f>g>h. For a given water quality, mean concentrations followed by the same letter are not significantly different (p < 0.05), significantly at a higher b>c>d>e>f>g>h. 
